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\ : PREFALE
‘ . - Work on this project was conducted under the authoriiy of
Project 8-12-75-001 (£) during the period Septemker 1956 to vctober
1957.

The investigation was m.ie by lst Lt. R. G. Evans, Sp-3 J. L.
. Tucker, Sp-3 F. F. Gross, Sp-3 B. J. Ledner, and W. H. Van Horm.
' Work was done under the supervision of John G. Lewis, Chief, Techni-
cal Aralyeis fecticn; Thomas G. Walsh, Chief, Special Projects
Branch; aud N. K. Dickinsor, Chief, Military Engineering Department.

Metronics Associstes was most helpful in offering guidance aud
technical advice ip the use of the FP technique.
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vii

This repori investigates the protection offered by various
Corpe of Engineers van bodies fraa chemical, biological, or radlo-
logical (CBR) attaci.

Jeakage into the vans was determipned by subjecting the vans tw
an acrosol of zinc-cadmium gulfide. A correlation between simulant
leakage and actual CER agents is drawn.

Pressurization of the vans by use of the ventilating systems
and the efrecte of ficld expedicnt sealing were investigated.

The renort concludes that:

a. The vans offer little or no protection against newver CW
agents and only limited protection aguinst older CW agents.

b. Decontaminstion 92 the vans followi:..g & CH attack would
be necessary to keep damage at a minizum and to remove any hazard
to operatiug persomnel.

¢. None of the vans offer protection against EW agents.

d. Decorctamination of the vans folloving a BW attack would
be Decessary to eliminate or reduce the hazard to personnel.

e. The vans offer negligible protection from radiatio:n Trom
fallout outside the vans.

f. Decontamination of the vans folloving an KW attack would
be necespary to remove any inhalation hazard resulting from fallout
wvhich might leak into the vans.

g In the case of fallout, decontamination of the vans in
vhich films are procecsed would be neocessary to protect film stocks.

h. Field expedient sealing ie of little value; limited pra-
tection againei older CW agents, however, can be obtmained by its use,

1. The present ventilation system i{s able to produce signifi-
cant pressurization of the vans.

J. HMinor modification ¢f the veniilation system by the addi-
tion of a gac-particulate filter combined with additional sealing

around openinge viil probably provide sdequate gas-proofing for the
vans.
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CONFIDERTIAL

THE VULIERABILITY CF ENGINEER VANS TO CHEMICAL,

RIOLOGICAL, AND RADIULOGICAL WARFAKE (i1}

I. INRODUCTION

1. Subject. This rexrt investigates the protectior offered
by various Corps of Engineers van btodies from chemical, bioipgical,
or radiological {CLR) aitack.

Y PRSI e A S S ST e "‘"‘*f ;

et

A

3 2. Bockground and Previous Investigations. Chemical, blolog-
A ical, or radiological attack upou -E units op-rating from vanc could
L dismpt operations for cons'derable lengths of time by contaminating
;‘L material and supplies ac wel. ac creating a continuing hazard to per-
L 3

2

f

>

sonnel. The effectivenr~s of the attack is dependent upon the extent
of leakage of the toxic agent into the -au (radistion excepted}, the
sensitivity of working supplies to the contaminant, and tl.e ability
of personnel to work while wearing protective clothing. A previous
-eport(l) cencludes that many of the materials found in Engineer vans
d are susceptible to contaminantc and that operations by protected per-
. sonnel are generally not feasible. It was therefore concluded that
" the first factor, the degree of leakage into the vans under various
operating conditions, should lte determined in order to arrive at a
possible meass of minimizing the effects of & contaminating attack.

-

In 1G42, the leskage of chemical wvarfaxe CW) agents into
then-existent CE vane wvas crudely determined by placing a smoke gre-
nade in the van and noting smcke leaks from ocutside. The feasibil-
ity of providing vans with an M3 collective protector wvas invecti-
gated; however, the M3 was found to be %o bulky and cumbercome o
be used as a permanent fixture,

srol oy g%y
. »

ab il g
’.

The Chemical Warfare lLatorstories, Army Chemical Center,
Maryland, has & continpuing project (L-80-12-006) ou collective pro-
tection for military transport vehiclea, Investigations have lLeern
made on filre control and shop a?d suitable collective protcc-
tive devices have been installed ’( . The degree of protection
required has been categorized ss follows: '

-

Cate%og . Protection required for military trance
pert vehicles 1n operations mint be maintained and which must
b~ operated by unprotected personnel who require frequent ec'ry or
exit,

Category B. Same as Zategory A except en.ry or exit

{r. Dot required.
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catego . Protection required for vehicles in
which operatlions may Ee suspended temporarily.

Categoa D. Protection requred fcr vehicles in
which operations mpy be suspended temporarily but in which Lthe con-

teails must be protected from contamination. N

An ERDL memo report discusced the vulnerability of CE
vans, both operationally and materiaily, to CER attack(l). The re-
port cobncluded that, in general, Category D protection was suffi-
cient, and it was Terommended that the degree of protectioa provided
be determined.

II., INVFSTIGATION

3. Site and Equipment. Tests utilizing CE vans, fluorescent
partix..le (FP) cloud generation and sampling equipment, and meteoro-
logical equipment were conducted by USAERDL personnel.

a. Site. The on'y site available for the tests was the
Northeast cormer of Demoliticus Range Ore of the Engineer Proving
Ground, Fort Belvoir, Virgin.a (Fig. 1). Thic site is an open area
of appreximately five acres bordered by trees. A small gully runs
+hrough the center of the aresa.

Fig. 1. An serial view of the test site ghovwing veh'cles in
pusition.
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8795
Fig. 2. (1 to r) Water purification van, expanded engineer
expansible van, shop van trailer, map reproduction van, and
expanded camers van .n positiou,

b. Vans and Equipment. tsed in the tests were proto-
type Corps of Engineers vans of the following ‘ypes (Fig. 2):

_ Water purification va~, U.S.A, #41212337, equipped
with t4o gasoline heaters whose blowers can also be used in
ventilation.

Camera van, U.S,A, #41112483, equipped with an air
conditioning unit (which alsv servec as a ventilating system) and
two gasoline heaters of the same type as those in the vater purifi-
cation van,

Map reproduction van, U,S.A. #41214988, equ.pped
with the same mquipment as the camera van.

Engilnecr expansible van, U,S.,A, #1214y75, equipped
with the same equipment as the camera van.

Semi-irajler chop van, U.3, A, #TAT205, equippzd with
the same equipment as the canera van,
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In general, chemicalcs used in water purification are
stored within the water purificatiom var. Operation of the van
could be carried on for & short period of time by a man dressed in
impregnated protective clothing, gloves, and protective mask.

When the map, camera, and engineer vans are in oper-
ation, it is prcessary for personnel to move materials from one van
to another. Operations could be suspended for a short period of
time during an attack.

: ¢, Fluorescent Particle Cloud GCeneration and Sampling
v , Eyui t. A Metironice Associates, luc., Model 10 Aerosol Generator
.- Fig. was used to generate the FP cloud. This aerosol generator
conslsts of two units, the aerosol generator and the control panel,
The arrosol generator unit includes motor-blower, nozzle, and drive
agsembly; angle frame stand with trunnion clamps; and feed mecha-

nism with feed tube (Fig. 4). The control unit has an installed
control panel with all necessary power cables (Fig. 5). Electrical
powver is supplied by an outside 110 v A.C. source.

4
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18823 - 18e22
Fig. 3. The GCrscol gencrawr uulit watn rig. 4, )reed mecha-
feed mechanism and feed tule attached. nism and fecd tube.
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Fig. 5. The .control unit showing power .:ables attached.

The FP material is dizcharged by the feed mechanism
from the feed tube into the blower as a continual series of incre-
pents. The material is entrained and aerosclized by the rapidly
accelerating stream of air passing through the blower. The controls
can be set for different dblower or feed-meclanism speeds to control
the amount of FP material asrosolized during any time period.

Sampling equipment included filter holders with crit-
ical orifices, which regulated air flow to within 10% of the cali-
brated volume, machined by Millipore Corpormtion, mhter covers,
Millipore AA Black Plain oue-inch filters and peds (Figs. 6 and T),
1/6-hp Gast Vacuum Pumps, Fischer Scientific Co. laboratory clamps,
and O-femt-high ring stands. Samples were collected by placing the
Millipore filters on nutrient pad supports ‘u the filter holders.
The filter holders wer: then attached tu the vacuum pucps by means
of 4-inch rubber hose (Fig. 8). As air was drevn through the filt-
ers, all FP particles were impinged on the filters. Tluor=scent.
particle-counting equipment included two model FBV-8 Bausch and lomb
microscopes. This model is equipped with a mechanical stage wvhich
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18820
Fig. 6. Filter holder dismantled. (1 to r) Rubber cover,
screw-dcwn lid, bold-down ring, filter, nutrient pad support,
and filter holder body.

18819
Fig. 7. Filter holder assembled.

enables the viewer to scan the entire slide, 10- and 21-power ob-
Jective lenses, and S5-pover cyepleces equipped with reticles in the
fore of squares of knovn size, Will Corporation Biloloid glasa
aicroscope slides were used as mounts for the contaminated filters.

General Electric (Model H~100 BLL) ultraviolet bulbs
vwere mounted in American Optlcal Company ‘Model 370) mounts to pro-
vide {llumination of the microscope and sliides. Illuminatiun level
was kept constant by use of Gerersl Electric (Model H-b) transform-
ers in serics with Poverstat (Model 11G) variatle transfoimerc.

Alr pressure changes inaide the vans were reccrded by
use of Statham pressure tranadunera. These izatrunents heve a

v
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‘ e ‘1"’;%' BN 18817
Fig. 8. Typical sample point showing filter holder, with
rubber cover, attached to & vacuum pump.

pressure range of X 0.05 psid. Each transducer was connected
through a Brush (Model BL-360) "Universal" amplifier to s Brush
(Model BL-222) recording oscillograph. ~his provided a continuous
recording of the signal changes caused by variation of the differ-
ential pressure at the trunsducer location.

Each trangducer was placed within a van and connected
to> a static outlet, Th’ outlet was provided by {-inch aluminum
tube inserted through a sealed hole in the van wall and extending
out of the van one foot,

Electrical power was supplied for vans, sampling, and
meteorologicai equipment by one 5-kw and one l0-kw gencrator; powver
wad suppiied for the FP generator by a l-kv generator.

d. Meteorological. Two Bendix-Friez aerovane systems
were used to record wind speed and direction. The Model 14l . »-
corder i & 2-element 1ecorder that simultaneocusly produces inked
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traces of wind dirextiou and speed in separate ciannels on a cou-
tinuous paper chart. Charts may be run at # spend of either 3
inches per minute or 3 inches per hour.

Barometric piessure wvags recorded hy a Bendix-Friez
(Model T790-1) microbarograph. A Bendix-Friez (M>del 594) Hygro-
Thermograph wac used t0 provide a continuous record of free air
texperature and relative humidity.

Temperature gradients were recorded by use of a Fox-
boro Dynaiog Uifferential Temperature Recorder. This unit recorded
differences in tempperature between pairs of thermistors, one at a
Lhelght of 6 feet and the other at a height of 1 foot. This system
continuously records up to three measurements on otie circuwlar chart.

L, Methods. After various methods of testing for leakege
vere investigated, it vas dzciﬁd adapt the FP technique using a
zinc-cadmium sulfide simulant(*) (5), This technique has been ex-
tensively used in weteorological and toxicological studies by the
Chemical Corps.

a. Preliminary Runs. 1Tvo preliminary runs were made ‘o
determine the spread and persistence of the FP materiaul. The first
of these runs was to determine the spread of the FP cloud, 3Six sanm-
plers wvere set 30 feet apart in a straight iine. The FP generator
vag set 200 feet upwind on a line perpendicular to the sampler line
and wvas run for 5 minutes. Ssmples wers collected over a I-minute
period.

As a result of this rum, it was found that the spread
of an FP cloud vhich could be expected under test conditions was .
Zreater than 150 feet at a distance of 200 feet downvwind from the FP
generator.

The second of these runs was made to determine the
persistence of an FP cloud after the end of generation. 8ix saxzplers
wvere set up 1 foot apart. The FP generator was set 200 feet upwind
and wvas run for 5 minutes. The first sampler was turned on at the
start of generation. After 5 minutes, the second sampler was turmed
on and the first vas turned off. The third sampler wag twrned oo at
the end of 10 minutes, and the second was turned off. This proce-
dure wae repeated until each sampler had been run 5 minutes for a
total time of 3 minutes. It was found that under teat corditions
th: FP material did not persist for more than five ainutes afler the
cnd o1 generation. Resulte of the preliminary runs are contained in
Table I.
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Table 1. Results of Preliminary Runs

Spread of FP Materials Fersis*ence of Fr Mater{als+

Sample Poirt Rav Count Cample Point Rav Count
1 60.9 x 10" 1(0-5 min) 3.1 x 10"
2 56.2 2(5~10 min) 3.2
3 43.9 3(10-15 m; 0
L 16.2 4(15-20 min 0
5 16.1
6 13.0

* Temperature T59F, ol lapse; relative humidity 82%.
*» Temperature 7°PF, 2° lapee; relative humidity L%,

b, Test Runs., In view of their operating conditions and
functions, the vans vere tested as follows to see wbat the effect on
the degree of protection offered by the vans would de:

(1) wWhile venis were closed and ventilating systems
were off.

(2) While vents were cicsed and ventileting systems
were reclirculating alr.

(3) wnile ventc were open and ventilating systexs
wvere off,

(k) while vente vere open and ventilating rys*teus
were on drawving outside air t¢c check the preasurizing ¢apabil-
ity of the ventllating systenm.

{(5) With vana field expedient sealed.

(6) With vans in expanded position at the ctart of
an atteck, then closed during sttack (Figs. G, 10, 11, and 12).

To deterrine leakage into the vin bodies, six vacuum
pump samplers vere placed (in s hexagopal pa’ iern) outside and
around the vans, four samplers were placed Letween the vane, and two
gamplers were placed within each van (Fig. 13). These vacuum pumps,
attached by rubdber hose to the fllter holders, drev air through the
Millipore filters at a rate of approximately ten liters per minute,
impinging the FP material on the filters 1Yo deteraine concentra-
ticn, the nuwber of FP particles on eachk .ilter was counted, arnd the
ratio of inaide-to-outside concentration was taken to deturmine the
extent of leaxoge.
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Engincer expansible

Engineer erransible van expanded.
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Electrical generators were gtarted at the beginning
of each run, and all meteorological instruments were turned on.
Readings of wind velocity, relative husidity, barometric pressuwre,
and temperature gradient were taken. Smoke grenades and helium-
filled dalloons were used Lo determine air currents. The balloont
were veighted to float at a height of 6 to 10 feet. After the wind
. direct’on had been determined, the FT' generator was set approximate-
1y 200 feet upwind from the center of the field and fillter holders
with clean filters were placed ia position. All sampling pumpss and
the FP generstor were started simultaneously at the begiuning of the

» generation period. The aerovane systems were also turned on high
speed (3 inches/min) at thic time.

The FP generatoy was stopped at the end of the gcner-

. ation period, and the serovanc systems were turned on low ppeed (3
inches,’br). Ten minutes later, the outside sampling pumps were
. turned off and the filter holders were covered amxd collected. Froa
' g0 to 120 mirutes later, the inside swmpling pu=ps wers *uvved off
and the £l = holders were covered and collected. All meteomlogi- .
. ctl instruments were turned off at the same time a8 the fnside
saspling pumps. Wind charts, temperature gradient records, hygro- .

L, thermogrsnh charts, and readiugs of baromstr!: preccure were col-
. lected and stored to be analyred later. Test run data is contained
. in Appendix A.

o c. Count and Adjuat Counts. Counting the number
. of particles on each ;:Iﬁr was &Im with a microscope and

; two ultraviolet lamps (Fig. 1b), The filters were glued with rubber

Fig. 1k, Equipment
shown: (1 tor) CE
tranaformer, powverstat
variable transformer,
ultraviolet lamps, and
microscope.
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cetent to microscope slides with uncontaminated surfaces of the
filters next to the glass. By using reticles of koown size, it
was necessary to count only a relatively smml}) number of particles,
the number ol particles sctually counted vas then maltiplied by an
ares-ratio factor vhich is the ratio of the area seen through the
reticle to the total area of the filter surfuce. Heavily coutami-
raeted surfaces were evaluated by counting ten cr more random fields
wtil & minimum of 270 particles wvas counted., A travereing tech-
aique which included one-half of the total filter surface was used
for less contaminated surfaces (Fig. 15).
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Fig. 15a., Fkepresentation of a Fig. 15b. Representation of a

filter surface shoving random filter surface shoving travers-
fields in whi.a particles would ing method of counting. The FP
be counted. are counted as the filter is

soved in the direction indicated
by the arrows.

In order to correlate directly the different runs,
the original FP counts wvere adjusted to an FP dispersion of kO grams
pery run and a sampling pumy flow rate of 10 liters per minute, using
previously determined factors.

d. Determining Concentration. leakage is the ratio of
outside conceniration to average concentiration inside the van, The
following method was used in approximatirg osutside cencentration
around each van:
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The aversge vind direciion during each FP generation !
period vas determined from the aerovans records and ths observed ' '
patls Oof smoke and balloons. A wind direction line wac then drawn
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from the generatiou point thruugh the field. Four aszsumptions,
based on knowledge of FP cloud behavior, wre then msde: (1) that
the FP cloud wvas tear shaped; (2) that at any given distance frum
the generation point, the greatest FP concentration would be found
on the wind direction line; (3) that concentration decreased as
distance from the generstion point increased; and (s) that any
point between two points of known concentration would have a concen-
tration lying between that of the two inown points. Qther points
were plotted and assigned concentration valuee proportional to their
position. Foints of equal concentration were then comnecteld with
coptour lines. Conceutrstions outside the vans were then approxi-
mated using the concentration of the pecrest contour. It is be-
lieved that the coucentration of a point can be ‘etermined vithin 20
percent of the true value. This makes allowvance for the dropping
out of highly inconaistent data points on the part of the person
drawing the contours and for human error in counting. Inside coa-
centration war taken as the average of the tvo inmide samples, Fig-
ure 16 {s a typical coantour plot for determining FP concentration.

e. % Values. Leakage values were couputed by "ak-
ing the ratio of ins copcentration to outside concentration.
These values, given in Table I, show the percentage of ocutside con-
ceniration which leaked into the vans,

Table 1I. Leakage Valuec (Percent)

Vater “Englneer

Trial Purification Expansible Camers Map Shop
A 29.h 30.1 32.0 52.6 35.b
B 57.5 57.6 57.6 81.5 6.0
c 8.5 50.0 k3.6 - 30.6
D -9 15-9 - - 16-0
E 2&.0 28-8 - - 52-8
¥ 32. ‘an'f - - 1700
G 3k, 3.8 25.8 - 29.1
K - 5.3 1.0 - lhno
1 - 10.0 1€.0 9.1 69.7
J - 23.2 26.9 2.6 63.7
L - 17-6 - - -
M - 39.6 28.0 - -
N 33.2 k2.8 k9.2 26.0 93.0
0 12.7 10.1 hC.L bo.£ 25.1
B 23.5 9.7 ki.7 2.3 26.0
Q 58,0 33.9 8.1 .2 93.0
R - B6.4 B.o - .
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5. Prescurization. Pressurization of the vans by use of the
ventilating systems wa3 attempted during three runs. Transducers
were used to record przssure changes, (ne run wvas made with the \
ventilating systems recirculating air, and negligible pressures
were recorded as was expected., The two other runs were made with ;
the ventilating systems drawing outside air. Significant pressures
wvere recorded during these runs in the map reproduction and camera
vans. Hegiiglblr pressures, probahly caused by air escaping through
open heater outlets, were recorded in the water purification and en-
gineer expansible vans.
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It has bean determined in previow vork(e) that the pres-
sure diffcrential that must be majintained tn prevent leakage into a
building snould be 0.19% inch of water (0.035 psi) sbove the average
pressure on the outside wall.

€. Correlation to CBR. The following paragraphs discuss the
correlation of FP counts W thc determinstion of CW, BW, and RW ‘
agents, ‘

a. Chemical Warfaye SC\I 2 To arrive at the equivalent
CW agent dosages, FFP counts were treated in the 1ollowing manner:
Let the FP count repue 1 dosage {n particle minutes
per liter. Dosage can be expressed as total pos.icles, or as a
product of the conceniration times the time (particle.minutes/liter).

Since there are 1012 particles per UC grams of FP material, it can
the: be said that a given count of, for instarce, 200,000 is:

205,000 particle-minutes/liter/1012 particles. Sub-
stituting micro grams (pug) for particles:

200,000 pg minutes/iiter/10%2 pg, but 1012 pg = 106 g -
1000 Kg.

Dividing by 1000:

2uC pg min/liter/Xg
but pg/l = ng/m3
or 200 ng min/m3/Kg

This represents a chemical agznt dosage of 200 mg miu/u3 for each
kiigran of agent dlspersed,

The dosages received inside the vans are considered

incapacitating for most CW (HD, HN, L, MD)} agents and lsthal doeagec
for G and V agents. It snould also be kept in mind that dossges in
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these tests were small, comparable to the detonation of one 2.2-
pound chemical bomdblet. Docages many times those obtained in these
tests can be a.tained ‘n the field with conventional CVW munitions.
Since the dossges received inside che vans were very high when cca-
pared with outside dosages, 1t in concluded that LD5o dosages of all
CW agents would pepetrate the vans. Table 1]1 gives the calculated
dosag:s received inside the vans, and Table IV comparee dosages of a
fev typical OV agents.

Table IIT. Chemical Agent Dosages
(mg min/m3/Kg) lnside Vans

LRSS Vo xR WA R A S I Sl B Bl

Table [V. Comparison of Dosages of Typical CW Agents

Water Engineer
Trial Purification Expansible Camera Map Shop
A 103 181 481 k21 531
B 230 288 815 760 L18
) 231 225 109 - 138
D %5 1Y - - 2hl y
E 1L4 130 - - L86 2
F fe 285 - . €3 ]
G 205 368 129 - 262
H - a 2 - 28
1 . 181 160 73 1046 s
J - Lob 1279 59 1k35 L)
L - hk?. - - bl 2
M - 95 336 - - i
] 399 835 122 78 139 . 3
0 102 152 7108 Lo6 k0 :
P 376 2199 1669 67 391
Q "B 679 289 TR 792
R - 8610 72 - -
:
f
L
4

Dosage (wg min/m

CW_Agent rg Incapacita ing
LG 3,200 1,600
HD 1,500 200 by eye !
v} 200 50 i
v <GB <« '

It is significant that FP dosages inside the vmus were above 200
4 £g 8in/m3 over 60 percent of the time,

- CONFIDENTIAL

A LS N T T T BN RS SR B L SR N > SR R W W L WSO




FORS: .
o mm

B 1 9

Cince sone gases (CC, (X) are corrosive toc metals, hy!
decontamination munt take place within a very short time following '
attack by thece agents in order to keep dsmage at a minimum. In
addition, persictent agents would be hazardsus to operating person-~
nel, Operation of the vans would be unsble Lo pruceed before
decontamination.

R D PP

b. Biological Warfare (BW). The FP couuts correlate di- i

rectly to BW agent dosages, since infectious dosages depend on.y on o

the pumber of organisms contacted. “-«.

: "Infectious" dosages of mont BW agents were received ;ff

T. in all trials. The iechnl docage for anthrax {s estimated at 20,00u 5
organiems by the recpiratory route. For tularemia, 840 organisms R

are the estimated infectious respiratory dosage. In virtually all b‘\ql

trials, the occupants of the vans received greater than a letha)
dose for anthrax (see Table V), and the dosage received was above
that for tulareaia in all cases. It is apparent that infectious
dosages would have been received from any BW agent wvhich can be

transmitted by aerosols,

Since BW agents may survive for some time, decontami.
nation wouid be pecessary in order to eliminate or reduce the hazard
to per onnel. ‘I'he extent of decontamination necessary would vary
with the type of agent and level of contamination.

Table V. EW Dosages Ilnside Vans Tested (Organisms)

Water Engineer

Trial Pur'fication Expansible Camera Map Shop
A 103,000 181,000 L81,000 k21,000 531,000
B 230, 000 288,000 815,000 760,000
o 231,000 225,000 109,000 - 138,000
) 95,000 319,000 . - 2b1,000
E 1kl ,000 130,000 - - L8€,000
F 82,000 285,000 ~ - 68,000
G 205,m0 368,“)0 1.29,0m - 262,@
H - 8,000 2,000 - 28,000
I - 1.81,000 160,000 73)@ 1,“‘6,@
J - ho6,ooo 1,279,000 59,000 l,k}S,CDO
L - khE,m - - -
v - 992,000 336,000 - -
N 399,000 835,000 122,000 78,000 1,395,000
0 102,000 152,000 708,000 k06,000 k40,000
P 376,000 2,199,000 1,669,000 347,000 391,000
Q 923,000 679,000 289,000 722,000 2,792,000
R - ,000 72,000 - -
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c. HRadiological Warfare (RW)%, In order to correlate
the FP trials to rediocactive fallout, the areas in which 5,000,000
or more particles per filter were recovered were measured., This
area aversged abcut 15,000 square yards., A fallout of 40 grams per
15,000 square yards is equivalent %0 a contamination of 2.7 x 10*
grams rer square yard. Since fission product faliout of 20 grams
per square yord over an infinite ares gives a dose-ratp of approxi.
mately 1000 r/hr at H + 1 hour, a fallout of 2.7 x 10~ grems per
square yard over an infinite area will give a dose-rate of 0.13 r/hr
at H + 1 hour, This dose-rate will result in a total dose of 0.62r
froe H + 1 hr to H + 10 veeks, a dosage far below the accepted AEC
peacetimc level., However, actual fallout near & nuclear detonation
wvould a;Treach a dose-rate of 1000 r/hr at H + 1 hr, resulting in a
10-day dosage ol sbout 3500r., A lesd or steel rhield vith a thick-
ness pany timee the <hictnenrs of the van wall would be needed to
effectively protect personnel trus ;amma rad:ation from fallout out-
side the vanas, Decontaminstion of the area c¢ rowdval of the vans
to a clean area would de necessary under these high coniasination .
levels to adequately protect operating personnel froa external radi-
ation. Decontamipation o the vans would be necessary to remove
fallout vhich might have leaked into the vane creating an inhalation
hazard to personnel,

20

It has been found by tests at operstion PLUMBBOB that
tke photographic film used in topographic unite is relatively insen-
sitive t0 gamma rediaiion., Experience by film manufacturers indi-
cates that incorporation of alpha or beta eaitters into fila or de.
velopers will, because of the close proximity of the emitters snd
their fonizing potential, resdily fog film. It appears that cosm-
plete decontamination of vans in vhich films are processed would be
necessary to protect film stocks.

ILI. DISCUSSION

T. Parsameters. Comparing leskage values of the different
trials gives a Laals for stating L at neither wind speed nor temper-
ature gradient have much, if any, cffect on leakage into the vans,
leakage valuen of trisls "RE” and "I" are somevhat lover than values
for the other trials. This seems to show that scaling the vans by
using masking tspe, cardboard, or other field-erpedient means was of
limited usefulness in reducing leakage. The leakage reduction
caused by fleld-expedient sealing was not great enough to give added
protection froa BW or newer CW agents, but limited protection from
lov concentratiots of older CW agents can be obtained by sealing.

*RW 1le used here in the sense of radioactive fallout created by
an atomic dstonation.
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Tlosing any expanded vans at the onset of an stiack seems
o] to have no effect on leakage. With actual CW or BW agents, the at-
3 tack may be well under way or even ended before the agent it detect.-
ed., Since no spparent additional protection is afforded by closing
the vanes, they may remain expanded unless they are to be moved frov
the area.

Iv, CORCLUSINNS

8. Conclusione. It is concluded that:

a. The vans offer little or no protection against newer
CW agents and only limited protection sgainst older CW sgentc.

e TV Y RIS T AR RNl B W, SRR

b. Decontamination of the vans folloving a CW attack
would be neceassary to keep damage at a r '‘nimum and to remove asny
hazard to operating personnel.

¢, None of the vans offer protection against BW agents.

é. Decontamination ¢f the vans followving a BW attack
wvouid be necessary to eliminate or reduce the hazard 1o parscnnel.

e. The vane offer negligible protection from radiation
from fallou: outside the vans.

f. Decontamination of the vans following an REW attack
would be necessary t0 remove any inhalation hazard resulting from
fallout vhich might leak into the vans.

g. Decontamination of vans in vhich films are processed
would be necessary to protect film stocks,

.
A
r
¢

h. Fleld expedient sealing is of little value; limited
protection against older CW agents, Lowever, can be obtalned by its
ure,

i. The present ventilation system is able to cause sig-
nificant pressurization of the vans,.

J. Mipor modification of the ventiiation system by the _
addition of a gas-particulste filter combined with additional seale N
ing around openings will probadbly provide adequate gas-proofing for ;
the wvans. !

CONFIDENTIAL

{
1
{
1




L v

23
BIBLIOGRAPHY

(1) EFDL Memorandum Rpt., The Vulnerability of C/E Vans to Chemi-
cal, Bioclogical and Rediological Warfare, W. H. Van Horn and
W. H. Sippel, Fed 55 (Conf).

(2) CmiR 361, A Systam of Collective Protection for the Shop Van
M 109 and Mobile Shelter S-56/GRC, Frank Ort, 10 Jul 5k. (Conf).

(3) CRLR 425, collective Protector for M 33 Antiaircraft Fire Con-
trcl System, Daniel Stern, et al, 15 Mar sk, (Conf).

A

. 3{\3{ (k) Proceedings of the Second National Air Pollution Symposium.
3 i!.g .
R (5) Stanford University Contract No. DA-18-O64-cml-2564, The Stan-

ford Fluorescent-Particle Tracer Technique, June 1955.

(6) Texas Engineering Experiment Station Contract No. DA-18.06L-
LOh-CML-189, First Quarterly Progress Report, November 1956,

o R T Sy PN, WG N N, P W e W), W W T ey

W LW WYL e )

A S e i et A R R i Al L LR Yor Sv




25
APPERDIX

TEST RUR DATA

Run A
Date and time: 26 Sep 56, 1030 Winl speed and direction: 6 mph,
KE
Felative Humidity: 80%  Barometer: 29.9 in. Temperature. 58.2°,
0.5° inversion
I.P., Releasnsd: 42,2 gms Cloud cover: 75% Visibility: Good

Conditions: Ventilation systems off. Vents open. Doors and windows
closed, Camers van and engineer expansidle van expanded.

Qutside Inside
Geperated: 30 minutes Samples run: LY mlnutes 120 minutes

Sample Point Rav Count Count AdjJusteds

1 5.6 x 10" b3.2 x 10%
2 1.1 10.5

3 14.0 13.3

b 21h.9 207.7

5 121.1 114.8

6 58.0 55.0 A
T by .2 L2.8

8 .2 35.3

9 153.b 1454
12 10Lk.9 9G . b
1 1.2 10.6
12 10.4 9.9
13 20.1 19.0
1L 18.3 17.3
1% 5k ,2 51,k
16 7% il .9
17 Li.1 k0.9
18 L5.7 43.3
19 63.1 59.8
20 9.0 b6.4

¥ Corrected to 10 liter/alfiute air fiov and 40 gram source.
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Run B

Date and time: 2 Oct 56, 1030 Wind speed and direction: b mph, SW

Relative humidity: 84-60f Barometer: 29.8 in. Tesperature: 6°,
2° inversiocn
F.P. Released: 34.8 gas Clsud cover: 508 Visibility: Fair

Conditions: All ventilation syrtenme off. Vents open. Lights on.
Doors and vindows closed. Blackout covers in place,
Camera van and epgineer expansible van expanded.

. . P i L
@ o et & B e e B W B BT R R R s SR B N - SR g e kbl o

Outside Inside
Cenersted: 30 minutes Samples run: 40 minutes 120 minutes

Sample Point Rav Count Count AdJjusted ;
1 39.3 x 10% ¥5.1 x 10% |
2 15.9 18.2 |
3 25.7 29.5 |
b 5k b .5 |
5 T2.1 82.8
6 13k.5 154.5
7 33.0 371.9
B hs b 50.0
9 69.9 80.3

10 12.1 128.8
1 20.2 23.2
12 19.9 22.8
13 27.h 3,h
1k 23.2 26.6
15 T1.3 8.5
16 70.7 81.2
17 66,k T6.3
18 66.0 75.8
19 0.1 3h.5
20 42.9 49,2

S
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Run C
pDate ani time: 3 Oct 56, 1k0O Wind speed and direction: 2 mh,
SW-NW
Relative humidity: 39% Barometer: 29.8 in. Temperature: 75.5°,
LC lapse
F.P. Releascd; 2.~ gms Cloud cover: 50% Visibility: Excellent

e r—r— e . 2 T Tt S T AN S B Al . giicgien v e cme ol

Conditions: All vaitilation systems off, Vents closed, Camera van
and engineer expansible van expanded. Blackout covers

in place.
Cutside Inside
Generated: 30 minutes Samples rwn: 40 minutes 120 minutes
Sesple Point Raw Count Count Adjusted
= 1 k1.2 x 16" 0.8 x 10"

. 2 5h.1 53.6
3 p'a 29!9

4 19.6 19.4

5 22.8 22.k

6 35.4 3.1

T 5T7.6 57.1

8 5.2 95.7

9 271.6 27.3

i0 33.2 32.9

11 23.7 23.5

12 23.1 22.9

13 2.2 .0

1k 23.3 23.1

15 11.8 1.7

16 10.2 10.1

17 3.3 1.2

18 G.3 0.2

19 k.0 13.8

20 14.0 13.8

!
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Run D

Date snéd timo: 5 Oct 56, 0900 Wind speed snd direction: b mph, NE
Relative humidity: 83.5% Barometer: 30.0 in. Temperature: 63°,
F.P. Released: 41.6 gms Cloud cover: T7%% Visibility: Good

Conditions: All ventilation systems off. Vents closed. Camers vao aod
engineer expansible van expanded, Blackout covers in place.

Oaltside ide
Generated: 5 miputes Samples run: 35 minutes 90 minutes

Sample Poirc Raw Count Comt Adjusted
1 7.3 x 10% 6.5 x 10*
% Ts.6 .6

180.0 iT2.9
b 2h1.9 232,
5 k0.3 8.7
6 39.2 37.6
T 153.5 1NT.5°
8 2 14).6
9 69.2 66.5
10 52.C k9.9
1 11.8 11.3
12 8.2 T.8
13 35.8 3h.b
1s 30.6 29.4
»
19 21.8 20.9
20 268.7 27.5

¥ Counts mol laken for sample points 15-1B.
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Run ¥
Date ond time: 8 Oct 56, 0900 Wind speed snd dire~*ion: 3 mph, SV
Kelative humtdity: 506  Burometer: 30.03 in. Tempersture: 65°,
&0 lapse
F.P. Released: 48.6 gms Cloud cover: 0% Visibility: Excellent

Conditions: Ventilation systeme off. Vents closed. Camers van and
engineer expansible van expanded. Blackout covers in

place,
Qutside Innside
Isnerated; 5 minutes Samples run: 15 minutes 90 miputes
Sample Point Ravw Count Count Adjusted
1 162.2 x 10 133.4 x 20
2 17.2 1kl
3 b.5 3.7
b 57.6 L7.k
5 56.4 6.y
. 6 17.7 ik.5
7 75.8 6.3
8 65.6 53.9
9 51.2 k2.1
10 104.6 86.0
11 13.6 15.3 hi
12 i6.5 13.5 ’
13 WG 12.2 . |
1k 16.8 13.8 3
. bt
19 53.1 k3.7 ht
20 65.1 53.5 o
® Counts not taket for sampie points 15-18. 9
!
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Run F

Date and time: 10 Oct 56, 1100 Wind speed and direction: &k mph, ¥%

Relstive humidity: 51  Barometer: 30.29 in, Temperature: &°,
2° lapee
F.P. Released: kb 5 gus Cloud cover: O% Visibility: Excellent

Conditions: All ventilating systems were set to recirculate air withe
in the vans and were run during the entire test. Transe
ducers were used to record vressure changes. Ceamera van
ard engineer expansible van expanded.

Pressures (Psi): Location Peak Average

Map van +0.0010 -0.0012

Ebop van +0.0017 =0.0012

Water purification +0.0050 +0,0012

° Engineer expanzcible +0.0045 40.0010

Qutside Inside
Genersted: 30 minutes Samples run: U0 minutes 120 minutes

Saxple Point Ravw Count Count Adjusted

1 29.1 x 10" 26.1 x 10"

2 5.8 hi.1

3 11k.3 102.7

4 51.5 a2

s 2k .0 21,5

6 20.0 17.9

7 8.3 3.5 k
8 50.0 bk.3 .
9 26.9 2k.1
10 27.1 2h.3
11 11.0 9.8

12 T.h 6.6
13 33.7 X.2

1h 3.0 26.9

L ]

19 3.2 2.8

20 12.1 10.9%

% Counis not tAKen fur sampie points 15-18.
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Date and time: 12 Oct 56, 1020

Run

[«

kelative humidity: 64-39% ~ Rarometer: 0.4 in.

F.P. Relrased: 3.2 gms

Cloud cover: 0%

Conditions: All conditions same &8s for Rum F.

1

Wind speed and direction: S mph,

Temperature: 56° ’

2° inversion

Visibility: Good

Qutside Inside
genaruted: 30 minutes# Samples run: 45 minutes 120 minutes
Sample Point Ravw Count Count Adjusted

1 5.6 x 0% 2.2 x 0%

2 L8.5 k4,9

3 1u8.2 i3T1.2

L 1k3.7 133.¢

5 k8.8 bs5.1

6 28.8 26.6

7 9.6 831.6

8 86.0 79.6

9 61.h 56.8
10 Ly .8 bl.8
pi 1 20.6 19.0
12 23.9 22.1

13 k0.7 37.6
1k 8.9 36.0
15 i2.9 1.9
16 15.2 1h.0
-8
i9 29.5 27.3
20 27.2 25.1

» Generaved 5° 15° from point WNE of fleld, then moved ¢ - oiut
due E of field due to wind shift.
=+ Counts not taken for sample points 17 and 18.

--------
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e Run
3 ]
" Late end time: 15 Oct S50, 1000 Wind speed and direction; O-1 mph,
: NE
ooy Relative humidicy: 30% Barometer; 30.2 in. Temperature; 62,39,
toe 1€ lapee
; F.P. Relesged: 25,5 gma Cloud cover: 0% ‘Visibility: Cood
r
g5
Ll

CRN, Conditicnes: Engineer expansibie, cumera, and map reproduction vans
. vere fleld expedient sealed with masking tape. ALl
L eracke, Jnints, and openings were sealed excuj: for
: windows ard 1 door of each van. Ventilators on the
engineer expansible van were covered with cardhoard and
alde vent covered on camers van. Bhop van was expanded,
and aide curteins were tTut on and closed ss tight ss
possible.

Quteide Inside
Generatei: 31 minutes Bamples run; L0 minutes 120 winutes

Sarmple Point Rav Count Count Adjusted
1 30.7 x 10 16.7 x 10% .
2 9.3 k.5
3 8.2 12.8
b 9.0 1k.1
5 1k,) 2.0
6 4.8 7.5
7 9.8 15.3
8 ub 17.8
2 10.5 16.L

10 4.9 7.6
-*

13 0.k 0.6
ik 07 1.0
15 0.2 9.3
16 0.1 0.1
+4

1 2.1 3.2
20 1.6 2.5

1

2]
.

ounts not LAKen for sampl: points J1 and 1
oudnts nct taken for sample poinis 17 and 1

@

:
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Run I

Date snd time: 17 Oct %6, 0930 W.nd speed and direction: 2 mph, N

Kelative humidity: 78  Barometer: 30 in. Temperature: 64.5°,
0.5° inversion

F.P, Relegced; L2,0 gms Cloud cover: 100% Visibility: Good

Nonditiops: All conditions same ae for Run H.

Outside Inside
Cenerated: 30 =inutec gamples run: LO minutes 120 miputes

-2 T RIS IR AT AR Y AT Y N Wl Kol BT UK

Sample Foint Rav Count Count Adjusted

2 105.4 x 10% 100.3 x 10

2 59.8 56.9

3 7.1 140.0

4 252.9 2407

5 89.6 85.2 /
6 67.2 63.9 N
T 136.5 125.9

8 119.3 113.5 ;
9 113.3 107.8

10 116,1 110.5

-

13 18.6 17.7

1b 19.8 18.8

15 11.9 11.3

16 21.8 20.7

17 9.8 9.3

18 5.6 5.3

19 11.1 105.7
20 108.9 103.6

¢ Counts not taken for sample points 1l and l2.
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Run J
Date and time: 19 Oct 56, 0100 Wind speed and direction: 2 mph, N
Relative humidity: 96% Barowr:ter: 30 in. Temperature: 57.5°%,
?° inversion
F.P, Released: 1.6 gus Cloud cover: T9% Visibility: Good
Conditions: Txpansible, camers and skop vans expanded,

Qutside 1nside
Geperated: 30 ninutes Samples run: kO minutes 120 mlnutes

Ssxple Point Fav Count Cowmnt MJjusted
1 6.7 x 10 %.9 x 10"
2 23.b 22.h
3 bl.2 39.5
b 108.1 103.8
5 520.8 500,4
9 201.1 193.2

108.1 103.8
8 156.8 150.8
9 h33.4 h16.b
10 276.8 266.0
L ]
13 hl.9 k0.2
1k -.0 .1
15 bV oy IS
16 126.h 121.4
17 8.4 8.0
18 ».0 3.8
19 135.2 129.9
20 163.6 157.2
*Comtc oo wasen Jor sAmple points L1l and 12,
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Run X

Test results not retained fur records due to weather difficulty.
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Date and time: 2k Oct 56, 0930 Wind speed and direction: b xph, -
E

Relative humidity: 100% Barometer: 29.5 in. Temperature: Gk.7°,
1.1° inversion
F.P. Released: 17.8 gms Cloud cover: 1008 Visibility: Poor

Conditions; Expansible and camera vaidls vere only ones tested. ‘vanr
in expanded position at astart of run. After 5 minutes
generatlon, vans were closed. Generation continusd an
additlonal 5 minutes following closing. (Time to close
veus: camcra, 25 seconds} expansible, 2 minutes 8 seconds.)
Sempling time was limited to 13 minutes due to rain.

Qutside Inside
Generated: 12 minutes Saxples run: 13 ainutes 13 minutes

Sample Point Fav Count Count Adjusted

1 3.0 x 10% 96.6 x 10%

2 k0.6 91.2

3 162.6 35.3 .
b 125.0 280.8

5 22.7 51.0

£ 25.3 5.8

7 65.1 46,2

8 57.5 129.2

9 6.1 103.5
10 37.5 8.?

L
13 21.b 48.0
1k 18.0 Lok
158 0.6 1.3
1648 0.8 1.7

*+4

¥ Counts nov taxen for sample polnts il and 2.

#* yhen count was taken, it was discovered that there was cigaret
sxoke in the camera van; runs, therefore, were not considered
in results for camera van.

##% Counts not taken for sample points 17-20.
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Run M .
Date and time: 25 Oct 56, 0925 Wind speed and direction: 2 mph, N
Relative humidity; 68% Barometer: 30.36 in. Temperature: 49.5°,
1.0° lapse
F.V. Released: €1.5 gus Cloud cover: 0% Visibil.tv: “xcellent

Cunditions: All conditlons saxe as Run L. (Time to close vans:
camera, 10 s=conds; expansible, 2 minutes 30 cecconds.)

e e e L — X —— T RN S M G SR T B

Qutside laside
nenarated: 12.5 minutes Samples run: 22.5 minutes 22.5 minutes
Cr Saxple Point Ravw Count Count Adjusted
1 195.6 r 104 127.1 x 10"
2 11L.9 Th,6
3 L0.1 26.0
i 632.2 410.9
, 5 1:2.2 85.9
6 176.7 11L.8
) 7 240.0 156.9
8 318.2 206.8
9 24k, 3 158.7
10 383.9 2u9.5
»
13 153,13 99.6
. 14 152.3 98.9
15 60.4 39.2
16 43,2 28.c
L 2]

® Counts not takea for sample points 1l and 12,
*» Counts not taken fur sample points 17-20.
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Date and time: 29 Oct 56, 1000 Wind speed and direction: 0-2 aph,

7
Relative humidity: 94§ Barometer: 33 in. Temperature: 55.5°,
0.6" lapse
F.P.Released: 47.8 gms Cloud cover: 100§  visidility: Poor

Conditions: All ventilatine systems were set to drav outside air;
blower fens, hoverver, were not turned on. Shop van was
only van in expanded., Very slight misty rain fell dur-
ing test; outside sampls:, therefore, were taken upsids
dowa,

Outside Inside
Oenerated: 30 minutes Samples rin: kO minutes 120 alnutes

Sample Point Rav Count Count AMjusted
L 132.2 x 104 110.1 x 10% S
2 123.0 102.h !
3 173.9 163.1 |
A AT 156.5 -
5 .3 25,2 |
6 k6.3 8.5 , ‘
7 150.6 125.h
8 175.0 1h5.7
9 21.5 7.9

10 26.2 21.8
11 53,8 .8
12 2.2 35.1
13 82.4 é8.

14 118.2 98.4
15 15.8 13.1
i6 13.7 1.k
17 9.5 T¢9
18 9.4 7.8
19 158,2 131.7
20 177.0 1T
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Run 0O

Date and time: 30 Oct, 1 Nov 56, 0515 Wind speed and direction:
2 mph, N
Kelative humidity: YT%  Barometer:; 29.9 in. Temperature: 64.1%,
1.5° inversion
F.P. Released; 37.2 gms Cloud cover: 100% Vi3ibility: poor,
foggy
Conditiopms: All ventilating systems were set to drav outside alr and
turned on. Transducer 165 was transferred froa chop van
to camera van. (See Run F.)

: Prescures (pci): location Peak Average
Map van 0.0620 0.05L
Camera van 0.0170 0.012

Water Purification 0.0030 0.0024
Engineer sxnunsible 00,0020 0.0002

_ yutside 1nside
Cenerated: 28 minutes Samples run: 30 minutes 30 minutes

. Sample Point Raw Count Count Adjusted
1 2.7 x 10* 35.1 x 10%
2 17.9 19.2
3 6.9 50.h
L 27€.1 296.8
. 5 1L3.8 15k.5
6 5.8 58.9
v, T w-T w'ﬁ
8 0.2 ' 96.9
9 160.2 172.2
10 116.5% 125.2
11 10.0 10.7
12 9.1 9.7
13 16.7 17.9
1k 11.7 12,5
15 sh 2 8.2
16 7.7 83.5
17 k.7 L1.6
18 3¥%.v 39.6
19 Lu.1 LT.b
20 ir.8 k0.6
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Rumn P

Date anl time: 2 Nov 6, 050 Vind speed apd &irection: O-1 mph,

ESE
Relative humidity: 966  Barometer: 29.9 in, Tespergture: 6s°,

F.P. Released: 33.1 gus Cloud cover: 100%

0.3 inversion
Visibility: poor,

fogxy

Conditions: Repeat of Run 0. Due to shifting wind, gensrator was
mounted on back of 3/b-tou truck. Truck was Ariven in
a nn-cu-sum arc during generstion. Arc vas from XX

tc sw (180Y).

Generatd: 25 minutes Samples run:

Qutside Inside
35 mlu'rtes 60 ninutes

Sample Point Raw Count Count Adjusted
1 59.3 x 10% T1.6 x 10%
2 ok, 113.9
3 211. 255.8
b 156.3 188.8
5 347.0 - h1g9.1
6 Joke b 416.0
7 109.8 132.6
8 185.5 175.7
9 237, 26e.7

10 i87. 226.3
L A 39.9
2 29.3 35.3
13 172.2 208.0
1k 192.0 231.9
15 139.8 168.8
16 136.7 165.1
17 70.1 8k.6
18 T0.2 84.8
16 35.5 k2.8
20 29.4 35.5




Ll
Run Q
Date and time: 5 Rov 56, 1000 Wind speed and direction: 5 mph, N2

Relative huaidity: 764  Barometer: 31.5 inm. Tempersture: &.c%,

1.5 lapae
F.P. Peleused: 51.1 gms Cloud cover: 7#4 Visibility: Fair
hY
Conditionr: A repeat of Run O,

Pressures (pei): Location Averege
] Map van 0.Gh00
wABETR YAn 0.0130
Water purification 0.0009
Engineer expansible -0.0054

Cutside Inside

Generated: 30 minutes Samples run: 4O miautes 60 minutes

Sample Pgint Rav Count Count Adjusted
1 103.2 x 1o% B0.7 x 10"
2 130.2 101.9
3 161.5 126.4
b 3bk,3 269.5
5 18.5 1h b
6 23.6 18.4
7 2.4 181.1
8 249.9 1B88.6
9 5.4 7.7

10 89.7 70.2
11 122.7 96.0
12 113.2 88.6
13 110.3 86.3
i 63.b k9.6
15 25.9 20.2
16 50.7 39.6
17 90.2 70.6
16 gk,3 73.8
13 2371.5 185.9
20 220.5 172.6
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Run R
Date and time: § Nov 56, 0900 Wind speea and direction: 0-2 mph, 3
Relative humidity: 30§  Barometer: 3 in. Tempersture: 54.0°,
0.7° inversion

F.P. Relessed: 51.3 guns Clowd cover: 0% Visibility: Excellent
Conditions: Only engineer expansible and camcrs vans tested. Venots

closed, ventilation systems off. Vaus not expanded.

Only one sample taken in each van.

Outside Inside
Generated: 30 minutes Saxples run;: 40 minutes 60 mlnutes

Sample Point Rav Count Count Adjusted
1 17h.b x 10% 1481 x 10%
2 118.6 114.3
3 7n.s 69.3
b 76. 73.8
5 w¢7 &'-b
6 290.8 280.3
7T 136. 1311
8 1ok,7 0.9
9 96.6 93.1

m 17“.’ m-k
. 89.7 86.4
el 7.5 7.2

% Engineer expansible van,
#% Camers VvAD,
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